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105

SMART

Abstract

For preliminaries to optimization of SMART under the seismic loads, a quasi-static structural optimization for
elagtic structures under dynamic loadsis presented. An equivalent static load (ESL) set is defined as a static |oad
set, which generates the same displacement field as that from a dynamic load at a certain time. Multiple ESL
sets calculated at all the time intervals are employed to represent the various states of the structure under the
dynamic load. They can cover al the critical states that might happen at arbitrary times. The continuous
characteristics of a dynamic load are considered by multiple static load sets. The calculated sets of ESLs are
utilized as a multiple loading condition in the optimization process. A design cycle is defined as a circulated
process between an analysis domain and a design domain. The analysis domain gives the loading condition
needed in the design domain. The design domain gives a new updated design to be verified by the analysis
domain in the next design cycle. The design cycles are iterated until the design converges. Structural
optimization with dynamic loads is tangible by the proposed method. Standard example problems are solved to
verify the validity of the method.
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Fig. 1 The structure under dynamic load at a certaintime
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Fig. 3 A diagram for the proposed quasi-static optimization technique
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Fig. 4 The one-story one-bay frame
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Table 1 Theinitial values and the optimum results for the one-story one-bay frame (in*, psi, in, Hz, Ib)

No. of .
d; d> O 1,max 0 3max O 2max f design cycle Weight
Initial value 290 290 44120 41861 1.27 9.97 1,197
Opt 424.3 4133 29912 29903 0.76 11.71 3 1,442
Ref. [8] 489 330 22536 81619 0.77 12.03 11 1.463



11

3
- (Kuhn-
Tucker conditions)
4.2 Two-Story One-Bay Frame
4.1
. . 1, 2 dy 3, 4 dy, 5 ds
6 dy . 1,356 2,4 ,
. do;=1,500in* (62,430 cnf), j=1, 2, 3, 4 . 0~
0.315 190 190
1D
Minimize weight
subgjct to |S max| < 30,000 psi(20,700 N/cm?)
| Uy | <3inch (76 mm) (11)
w >30 rad/sec.

290 in* (12,070 cm?) <1 < 20,300 in (844,886 cm?)

D D
/4 S
?2—> - T
1 2 10
@
" e
@ — 5 @,—
5 A 15
¥y

////7// o //T/Z
= =1

Fig. 5 The two-story one-bay frame



Table 2 Theinitial values and the optimum results for the 2-Story 1-bay frame (in®, psi, in, Hz, Ib)

10

dl d2 d3 d4 fl f2 f3 f4 We|ght
O 1max 0 2max O 3max O 4max O 5max 0 6max ) 2,max 1 4,max Iteration
Initial 1500 1500 1500 1500 7.58 30.82 97.09 140.02 6656
value 28256 28256 34500 34500 20043 39602 2.01 1.26
Opt 1356 2624 1376 4196 10.03 3124 10211 146.69 8327
P 26920 26920 27241 27241 29000 29504 155 0.82 4
Ref. [8] 1719 8378 1334 533 10.67 41.85 114.8 186.40 8380
' 24306 24306 7297 7297 GB0665 (82598 131 0.62 20
Table 2
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